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tool  in  the  space  cosraic-radiation-detection  program 


LIGHTWEIGHT  RECOVERABLE  COSMIC-RAY  DETECTORS 
A  Film  Badge  Dosimeter 


INTRODUCTION 


As  it  became  necessary  for  us  to  provide 
radiation  detection  equipment  for  rocket  and 
balloon  space-probing  flights,  we  began  to 
study  the  feasibility  of  various  passive  radia¬ 
tion-detection  systems  applicable  in  absence  of 
telemetering  facilities.  Three  requirements 
were  immediately  apparent:  the  detector  must 
be  small  and  lightweight;  it  should  be  highly 
sensitive  in  order  to  detect  the  radiation  levels 
ordinarily  encountered  in  space;  and  it  should 
be  quickly  and  easily  evaluated. 

Film  appeared  promising  as  a  recoverable 
radiation  dosimeter  for  use  in  .space  probes. 
In  addition  to  being  highly  sensitive  to  electro¬ 
magnetic  radiation,  small  and  lightweight  film 
had  long  been  used  as  a  basic  radiation-delec¬ 
tion  tool  at  this  laboratory. 

Film  is  generally  used  for  roentgen-ray 
detection,  although  it  is  known  to  respond  to 
other  radiations.  It  is  highly  energy  dependent 
below  0.3  Mev  as  demonstrated  by  Deal 
et  al.  (1).  Since  its  radiation-energy  depend¬ 
ence  makes  interpretation  difficult,  film  dosim¬ 
etry  has  proved  adeciuate  only  with  proper 
calibration  and  knowledge  of  the  effective 
enei'gy  of  the  radiation. 

W'orkers  have  suggested  the  possibility  of 
using  two  or  more  filters  with  different  ab.sorp- 
tion  properties  to  determine  the  effective 
energy  of  a  radiation  (2-5).  Tochilin  et  al.  (2) 
were  among  the  first  to  de.scribe  a  film  dosim- 
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eter  which  could  be  used  to  detect  the  quality 
of  incident  x-radiation.  Their  device  consisted 
of  stepped  wedges  of  different  thicknesses  of 
aluminum  and  copper  in  combination  with 
photographic  film.  Baker  and  Silverman  (3) 
described  a  somewhat  similar  detector  utilizing 
lead  over  silver.  Storm  and  Bernis  (4)  report 
a  device  using  several  filtering  media  over  the 
film*  and  discuss  the  response  of  the  film 
to  electromagnetic  radiations  with  energies 
through  10  Mev.  Davis  and  Hart  (5)  describe 
a  combination  film  dosimeter-personnel-identi- 
fication  badge,  in  use  at  the  Oak  Ridge  National 
Laboratory,  which  uses  the  calibrated  response 
of  film  to  several  filtering  media. 

Since  the  possibility  of  varying  energy,  elec¬ 
tromagnetic  radiations  exist  in  the  space  cap¬ 
sule  (because  of  the  interaction  of  cosmic 
radiations  with  the  space  vehicle),  a  film  detec¬ 
tor  dosimeter  was  designed  to  measure  the 
secondary  radiations.  This  device  is  similar  to 
that  desci'ibed  by  Tochilin  et  al.  (2).  The 
filtering  materials  and  number  of  steps  used 
in  oui‘  detector  was  designed  to  provide  energy 
information  below  0.3  Mev.  Above  0.3  Mev  the 
enei’gy  deiiendence  of  film  is  reduced  so  that 
errors  in  the  interpretation  of  dose  ai’e  mini¬ 
mized. 

In  an  effort  to  incorporate  the  dosimeter 
into  the  space-pi’obing,  cosmic-ray  detection 
jirogram,  its  I’esponse  has  been  calibrated 
against  .several  different  radiations.  This  ])a- 
per  describes  the  stei)ped-metal  film  detector 
used,  its  response  to  several  different  radia¬ 
tions,  and  its  use  as  a  cosmic-ray  detector. 
'Pile  energy  information  that  can  bo  obtainefl 
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for  proton  and  alpha  radiations  is  also  dis¬ 
cussed.  Size  and  weight  limitations  did  not 
allow  the  use  of  a  larger  number  of  thicker 
filters  to  provide  a  greater  range  of  proton  and 
alpha  energy  information. 

MATERIALS  AND  METHODS 

The  stepped-melal,  film-packet  dosimeter 
that  we  consti'LU'f  ed  consists  of  Dupont  film 
type  552  (personnel  monitoring  film).  It  is 
divided  into  four  areas  shielded  as  follows: 
area  A,  unshielded  ;  area  B,  0.020  in.  A1 ;  area  C, 
0.020  in.  A1  and  0.008  in.  Cu ;  area  D,  0.020  in. 
A1  and  0.024  in.  Cu.  The  metal  echelon  array 
is  placed  both  in  front  and  behind  the  film  with 
the  aluminum  inside  the  copper.  Two  emul¬ 
sions  are  present  in  the  Dupont  552  film  packet 
(emulsions  502  and  510).  Since  nearly  all  the 
readable  densities  of  510  film  are  a  linear  func¬ 
tion  of  the  I’adiation  dose  received  and  since 
the  502  film  does  not  respond  in  such  a  linear 
fashion,  oidy  the  510  emulsion  was  cho.sen  for 
invest  igation. 

Film  processing  was  performed  in  a  con- 
slant-temperature  bath  maintained  at  68"  ± 

'  -j  F.  The  films  were  developed  with  F-R 
Corporation  rapid  speed  x-ray  film  proce.ssing 
develoi)er  for  a  period  of  three  minutes,  rinsed 
in  68  F.  water,  fixed  with  F-R  Corporation 
fixei-  for  10  minutes,  and  then  washed  in  water 
for  80  minutes.  Density  determinations  were 
obtained  from  a  pholovolt  model  400R  densi¬ 
tometer  calibrated  against  a  standard  density 
wedge.  'Fhe  calibration  was  checked  l)efore 
and  after  each  reading. 

Th('  i-adiation  source*  used  in  the  x-ray  cali- 
bralioii  of  the  Radiobiolo.gical  Fateoratory  film 
(losiinel er  (KBl.D)  was  a  I’ickei'  deep  thei'apy 
260  kxj)  x-i’ay  unit  with  an  inherent  filtration 
of  aiiiiroximately  nun.  .M.  .Additional  I'a- 
(liation  jjarameters  at  eaedi  of  the  effective 
enei’gie's  used  in  this  study  are  g’iven  in  table  1. 

'fen  or  nioi'e  films  wei'e  exposed  at  each  of 
the  x-r;iy  caliliralion  jeoints.  X'ai'ial ions  in  the 
ik'iisily  of  film  i*xposed  with  the  same  I'adiation 
l)araniel ('I's  but  i)rocesse(*  .at  different  limes 
were*  as  much  as  ■  50  percent.  To  compensate 


TABLE  I 


Added  radiation  parameters  for  10 
different  effective  energies 


Kvp 

Added  filter 

Kev  (effective) 

50 

0.812  mm.  At 

24 

50 

0.254  mm.  Cu 

1  0.508  mm.  At 

84.5 

70 

;  0.014  mm.  Cu 

1  0.8i:?  mm.  Al 

40 

1,50 

1  0.25  mm.  Cu 

1  I  mm.  .41 

57 

200 

1  0.25  mm.  Cu 

i  1  mm.  Al 

i 

07 

2,50 

!  0.25  mm.  Cu 

i  1  mm.  Al 

80 

250 

0.5  mm.  Cu 

1  mm.  Al 

03 

150 

1.007  mm.  Sn 

8.200  mm.  Cu 

0.!)05  mm.  Al 

106 

i 

200 

0.7()2  mm.  Pb 

2.515  mm.  Sn 

1.148  mm.  Cu 

0.005  mm,  Al 

173 

250 

2.150  mm.  Pb 
l.,'i21  mm.  Sn 

1.118  mm.  Cu 

1.010  mm.  Al 

108 

for  this  variation  in  density,  a  radiation-control 
film  was  always  processed  with  each  set  of 
films.  The  radiation-control  film  was  given 
1  r  of  x-radiation  with  the  Picker  x-ray  ma¬ 
chine  operating  at  180  kvp  filtered  through 
1  mm.  of  AI  and  0.25  mm.  of  Cu.  These  radia- 
t  i()ii-co!it  I'ol  films  have  had  an  average  not 
density  of  a])proximat(>ly  l.ti.  As  a  standard 
pi’ocedure,  therefore,  all  net  deiisitii's  were  cor¬ 
rected  in  llu*  same  proportion  nec'ded  to  raise 
or  lower  the  net  dc'iisity  of  the  radiation-control 
film  to  a  value  of  l.ti.  Even  though  this  pi'o- 
ceduia*  was  follow(‘(l,  coiu'ected  net  densities 
varied  considei’ably  (  ■  20  i)ercent)  foi-  film 

given  the  same  dose  at  tlie  same  effective 
eiH-rgy  but  processt'd  at  a  different  time. 

In  addition  to  the  x-ixiy  calibi-at ion,  the 
KBLI)  was  also  calibi'at('(l  with  Co'*"  gamma 
radiation,  with  14  .Mev  protons,  with  780  Mev 
l)i'olons.  and  with  000  .Mev  alpha  particles. 
.A  small  .\H.S  calibrated  Co''"  source  was  used 
for  the  Co''"  gamm.a  radiation  calibi-at  ion.  The 
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FIGURE  1 

Coircrird  iirt  (Irjutilirx  of  the  shicldiiu;  (ircris  ^1,  H,  (’, 
(md  I)  for  till'  RULD  versus  effeetirr  currgles  of  x-radia- 
tion. 


14  Mev  protons  for  calibrations  were  obtained 
from  a  H-  (He-'  He')H'  reaction  using  a  2  Mev 
Van  de  Graaff  accelerator.  The  730  Mev  pro¬ 
ton  and  900  Mev  alpha  calibrations  from  the 
synchrocyclotron  were  obtained  at  the  Univer¬ 
sity  of  Galifornia  Radiation  Laboratory,  Berke¬ 
ley,  Galif.  The  density  of  the  film  expo.sed 
to  Go''"  gamma  radiation,  14  Mev  protons, 
73.0  ;\Iev  protons,  and  900  Mev  alphas  was  al¬ 
ways  corrected  in  .a  manner  similar  to  that 
used  in  the  x-ray  calibrations.  The  density 
vai'iance  for  th('  film  exposed  to  the  latter  four 
I'adiations  was  considerably  smallei'  than  that 
foi'  film  expo.sed  to  x-rays.  'I’herefoiv,  as  few 
as  two  films  pei’  calibration  point  were  used  for 
these  I'adial  ions. 


RES GUTS 

The  net  densities  of  the  ai'eas  designatcfl 
A,  B,  G.  and  1)  vei'sus  effective'  energy  of 
x-radiation  ai'c  give?)  in  figiD'e  1.  These  den¬ 
sities  :ii-e  represent;it ive  of  a  ixidiation  dose  of 
1  r.  In  tiible  II,  the  exi)eiimenl;d  vedues  of  the 
density  ixitios  of  adj;icent  shielding  ;ire;is  ;ind 
coi'i'esponding  multiplying  f:ictois  ;ire  I;d)eled 
MF  H.  .MF  G,  ;iiid  MF  I).  .Multiplying  factors 


indicate  the  ;imount  by  which  the  corrected  net 
density  under  a  shield  must  be  multiplied  so 
that  the  exposure  received  can  be  converted  to 
roentgens.  Density  ratios  versus  multiplying 
factors  are  :ilso  plotted  in  figure  2  while  the 
density  ixitios  of  adjacent  shielding  areas 
versus  corresponding  effective  energies  are 
shown  i)i  figure  3.  The  information  in  figures 
2  and  3  pi’ovides  the  dat;i  needed  to  detei'mine 
the  effective  enei’gy  ;md  the  nutiiition  dose  re¬ 
ceived  by  an  RBLD  fi’om  ;in  unknown  radiiition. 

We  used  the  following  values  in  detomiining 
i-adiation  dose  ;ind  effective  e)iergy  with  this 
delectoi’. 

In  deti'i-mining  dose  ?uul  effective  enei’gy, 
first,  c;ilcul:de  the  ixitios  foi-  the  cori'ected  net 
densities  foi-  A  B,  B  G,  ;ind  ('  D.  These  :ii-e 
the  following:  .A  B,  1.03;  B  G,  l.Gl  ;  G  I),  1.67. 
Since  the  ridio  G  D  is  the  liii-gest,  this  ratio  is 
comp;ii-ed  to  the  curve  hilx'led  G  1)  in  figure  .3. 
'I'his  I'atio  coi'i'esponds  to  ;in  effect ivi'  energy 
of  51  kev.  The  r:uii;ition  dose  may  be  dete?-- 
mined  by  consulting  the  cui'xe  kibelcd  G  D  in 
figui'e  2  to  find  the  multiiilying  f;ictor  (AIF  D). 
.A  multi|)lying  facto?-  (MF  D)  of  1.9  is  found 


TABLE  II 


Doisitj/  ration  and  nvdtipUjinfi  factors  versns  effective  energies 


Den.sity 

■Multiiilying 

Density 

Multiplying 

Density 

Multiplying 

Energy 

ratio 

factor 

i-atio 

factor 

ratio 

factor 

A  B 

MF  B 

B  C 

MF  C 

CD 

MF/D 

24 

1.20 

0.93 

2.0 

2.78 

3.40 

7.09 

24.5 

0.50  : 

2.18 

1.22 

2.04 

2.23 

40 

1 .05 

0.71 

1.50 

1.08 

1.77 

1.89 

57 

1.04 

0.94 

1.27 

1.20 

1.50 

1.90 

07 

1.15 

1.27 

1.54 

1.41 

2.22 

92 

2.38 

1.09 

2.03 

1.17 

3.23 

100 

1.02 

2.57 

1.04 

2.70 

1.10 

I  4.0 

172 

10.0 

1.01 

10.0 

1.03 

1  10.0 

198 

12.5 

1.0 

12.5 

1.02 

12.5 

(’o'i" 

20.0 

1.0 

20.0 

1.0 

20.0 

□  A/e  «i  Mf/e 
A  6/C  «<  Vf/Z 
O  c/0  »•  WF/0 


RATIO  OF  DENSITIES  OF  ADJACENT  SHIELDING  AREA 


FIGURI-;  2 

Dcimitii  ratio  of  adjaroit  shichlio!/  (near  of  the 
ItaiJ)  I'crnKH  midtiiitiiiiu/  factors. 

I'or  the  (’  D  curve  at  a  ratio  ol'  l.GT.  The  pi’od- 
ucl  of  RIF  D  (1.9)  and  the  net  density  of  1) 
(.40)  yields  a  I'adiation  do.se  of  0.76  r.  The 
data  in  table  Ill  are  fi’om  an  actual  e.xposure 
that  was  taken  tVoni  an  RBLI)  .x-ray  exposure 
at  0.7')  r  with  an  estimated  effective  energy  of 
50  kew 

In  addition  to  the  x-ray  exposures,  the 
RI5L1)  was  calibrated  with  four  other  radia¬ 
tions.  One  of  these  foui'  I'adiations  was  11  Mev 
pi'otons  which  produced  an  observal)le  stepped- 
density  effect  limited  to  the  unshielded  area 
(A)  and  the  first  shielding  area  (B).  .•\i)par- 

enlly,  the  shieldiiiR  matei’ial  covering  areas  (' 
and  I)  is  larye  enouyh  to  prevent  most  of  the 
14  .Mev  pi'oton  i'adiation  fi'om  reaching:  the. 
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frrccTivt  ENEROf  tuEv' 

FKitIRK  .2 

Doisitij  ratio  of  adjacriil  slncltlioj;  areas  of  the 
ri-rsas  i-ffi'i'lirr 


TABLE  III 

Data  frani  an  actiail  c.r/io.sa/'f 


1 

1 

■•li'eas 

A 

B  C 

1) 

Corrected  ' 

densities  | 

1.17 

1.08  0.07 

0.40 

r  *0 

Co 

900  Mtv  oc 
730  Mev  e 
14  M«v  e  lArto  A) 
14  Mtv  e  (Ana  0) 


/ 


o  08| 


06- 


[^1 


/< 


-l«  Hf,  f 

Art*  B 


900  Wtt  C 
7J0 


i- 
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DOSE  (RflOS) 


FI(;i’RR  .1 

('(irni-tcd  lief  dcin^it icK  of  the  RHLI)  vo'kkk  radict- 
tidii  ildsc  ftir  Co''"  (/(iiiniKi.  I 'i  Mcr  iiridniix.  7-i(i  Mcr 
/ji'idiiiis,  (iiid  null  Mcr  (iliihiis. 


film.  Conseciueiilly,  only  the  corrected  den.si- 
ties  foi-  the  two  shielding  area.s  (A  and  B) 
vei’sLis  corre.spondiuK  radiation  do.se  for  the 
M  Mev  proton  radiations  are  plotted  in  fig¬ 
ure  1.  Film  was  also  e.\|)osed  in  the  RBLD  to 
thi'ee  other  radiations  (('o'‘"  yammas,  TMO  Mev 
protons,  and  900  Mev  alphas).  A  ste|)ped- 
density  effect  for  film  e.xposed  to  these  radia¬ 
tions  was  not  ohsei'ved.  Therefore,  the 
corrected  net  densities  for  the  entire  film  area 
ai’c  used  to  illustrate  the  I'elationshij)  l)etween 
film  densit\‘  and  radiation  dose  for  Co'-" 
yammas,  T.'h)  Mev  i)rotons,  and  t)00  Mev  ali)has, 
'I'lie  ix'lat  ionship  l)elween  film  density  and 
radiation  dose  foi-  these  three  radiations  is 
also- plotted  in  fi.vure  -1. 

DISCISSION 

.Aside  from  its  use  in  detei'mininy:  radiation 
dose,  the  KBI.I).  below  200  kev,  pi'ovides  a  sim¬ 
ple  and  dii’ect  method  for  nn'asuriny  the  (pial- 
it,\-  of  elei't romaynet ic  I'adiations.  .Althouyh 
one  miyht  not  ordinarily  e.xjx'ct  to  find  elect ro- 


maynetic  radiations  in  space,  one  should  e.xpect 
roentyen  radiation  to  be  produced  as  one  of  the 
.secondary  products  in  the  interaction  of  cosmic 
radiations  with  the  space  vehicle.  The  detector 
.system  described  in  this  article,  the  RBLD, 
provides  a  ra])id  means  for  determininy  the 
enei-yy  of  these  secondary  radiations.  An  erroi- 
can  occur  in  the  interpretation  of  the  effective 
eneryy  of  an  unknown  radiation.  The  film 
density  response  of  the  RBLD  to  low-eneryy 
radiations  maximizes  at  an  energy  somewhat 
greater  than  zero.  Therefore,  the  same  den¬ 
sity  ratio  may  occiu'  at  two  different  energies. 
An  error  in  determining  the  dose  may  be  intro¬ 
duced  by  choosing  the  effective  energy,  but 
Tochilin  et  al.  (2)  conclude  that  these  errors 
are  not  excessive. 

'fhe  usefulness  of  the  RBLD  was  tested  by 
exposing  it  successively  to  x-radiation  at  two 
different  energies.  Two  energies  from  the  two 
extremes  of  the  energy  response  curve  were 
used  to  in’ovide  the  most  difficult  test  possible. 
First,  an  RBLD  was  given  a  dose  of  1  r  of 
x-radiation  with  an  effective  enei'gy  of  24.5 
kev.  It  was  then  irradiated  a  second  time  to 
another  dose  of  1  r  using  x-radiation  with  an 
effective  eneryy  of  17.'!  kev.  The  cori'ected  net 
densities  foi-  the  four  shielding  areas,  A.  B,  L, 
and  D,  wei'e,  respectively.  2.44,  2.44,  1.40,  and 
O.ti-l,  'file  ratios  as  calculated  from  these  data 
were  A  1!,  1.0;  B  C,  1,74;  ('  D,  2.19.  Since 
the  densit)’  ratio  foi’  C  1)  at  2.19  was  highest, 
('  1)  in  fi,yui'e  2  shows  the  a|)i)aren(  effective 
energy.  .Accordingly,  the  two  radiations  in  this 
particular  coml)inat ion  have  an  ajjpai’eht  effec¬ 
tive  enery.'>'  of  40  kev.  In  figure  2,  the  AIF  I) 
for  a  ('  1)  ratio  of  2.1!)  is  2.10.  Lsing  the 
multiplyin.y  faidoi-  of  2.4  and  the  corrected  net 
density  for  D  at  O.Ol,  one  obtains  a  dose  of 
1.47  r.  Since  the  densit y-eiiei'gy  dei)endenco 
of  film  is  emphasized  more  at  the  lower  effec¬ 
tive  eneryy  (.‘11.5  kev)  than  at  the  higher 
effecti\'e  eneryy  1172  kev)  the  detectoi’  should 
be  expected  to  undecest imatc  the  dose.  The 
example  given  clearly  emidiasizes  the  difficul¬ 
ties  that  ma\'  occur  when  film  is  used  to  deter¬ 
mine  a  dose, 

.As  a  further  lost  of  its  usefulness,  the 
RBLD  was  e.xposed  to  ()..")  i-  of  x-ixidiat  ion  with 


an  effective  energy  of  67  kev.  The  corrected 
net  densities  for  the  four  shielding  ax'eas  (A, 
B,  C,  and  D)  were,  respectively,  0.60,  0.58,  0.41, 
and  0.31.  From  this  information,  the  ratios 
for  A  B,  B  'C,  and  C  'D  were,  respectively,  1.04, 
1.41,  and  1.32.  The  ratio  B  C  at  1.41  is  largest. 
This  ratio  corresponds  to  an  effective  energy 
of  58  kev  as  shown  in  figure  3.  According  to 
figure  2,  the  multiplying  factor  (MF  C)  for  a 
ratio  of  B  C  at  1.41  is  1.5.  The  product  of  the 
multiplying  factor  (1.5)  and  the  density  of 
C  (0.41)  is  the  dose  evaluation  of  0.61  r.  Al¬ 
though  the  film  dosimeter  underestimated  the 
effective  energy  by  15  percent,  it  overestimated 
the  radiation  dose  by  20  percent. 

The  e.xamples  indicate  the  usefulness  of  the 
RBLD  to  determine  dose  in  a  low-energy,  elec- 
ti'omagnetic  radiation  field.  Since  this  device 
is  planned  for  use  in  space  probes  some  of  the 
problems  concerning  its  u.se  in  space  should 
be  clai'ified. 

The  sleiiped  density  that  will  be  produced 
on  film  by  particulate  radiations  is  a  range- 
energy  function,  dependent  on  the  type  of  par¬ 
ticle  and  on  the  thickness  and  composition  of 
(he  shielding  material.  One  would  expect  the 
stepped  effect  to  disappear  when  the  resultant 
energy  of  the  particle  thi-ough  the  shielding 
material  approaches  the  energy  of  the  un¬ 
shielded  particles.  For  (he  shielding  materials 
used  in  the  RBLD,  the  energy  points  where  the 
st('pped  effect  occurs  and  disappears  are  as 
follows : 

.•\t  low  enei'gies  (below  9  Mev)  the  jxroton 
lacks  sufficient  energy  to  penetrate  (he  thin¬ 
nest  shield  and  reach  the  film.  .-Xt  intermedi¬ 
ate  energies  (!)  to  >15  .Mev)  the  protons  will 
pi’oduce  a  stepped  effei't  on  the  film  because  of 
tin’  difference  in  sjxecific  ioni/.ation  of  the  par- 
tick’s  (hat  reach  the  film  through  the  different 
shields.  .At  higher  energies  (50  to  60  Mev)  the 
specific  ionization  of  tin’  shielded  pi'oton  is  es¬ 
sentially  the  same  as  the  unshii’lded  jiroton 
resulting  in  a  uniform  density  across  the  film. 

The  specific  ionization  of  protons  is  approxi¬ 
mately  one-fourth  that  of  alpha  particles. 
Theoretically,  one  would  exi)ect  the  conditions 


described  above  to  exist  at  energies  about  four 
times  that  reported  for  protons.  Because  of 
the  nonlinearity  of  range-energy  curves,  com¬ 
parable  effects  for  alpha  particles  occur  at 
energies  approximately  three  times  that  of  the 
proton  energies. 

Admittedly,  there  are  .some  limitations  to 
the  use  of  the  RBLD  as  a  radiation  detector  for 
space  probes.  For  instance,  in  a  mixed  irra¬ 
diation  field  of  high-enei'gy  particles  (with 
varying  enei’gies)  and  low-energy,  electromag¬ 
netic  radiation,  results  obtained  could  be  eri’o- 
neous.  If  the  particulate  energies  were  gi’eat 
enough  to  produce  a  uniform  density  behind  all 
shields,  a  constant  error  would  be  superinpiosed 
on  the  slepiied  densities  produced  by  the  low- 
energy,  electromagnetic  radiations.  This  would 
cause  a  decrease  in  the  density  ratios,  resulting 
in  an  error  in  interpreting  the  dose.  On  the 
othei’  hand,  should  the  particulate  energies  be 
low  enough  to  iiroduce  their  own  stepped-den- 
sity  effect  the  interpretation  of  densities  would 
be  more  difficult  since  a  variable  error  would 
be  added  to  the  low-energy,  electromagnetic 
densities.  The  RBLD  will  be  used  with  other 
dosimeters,  however,  and  it  is  Ixelieved  that  the 
combination  of  devices  will  furnish  a  method 
for  inlei’ixreting  (he  RBLD  information. 

Secondary  irradiations  produced  in  the  step 
shields  are  not  likely  to  c()mi)licate  interpreta¬ 
tion  of  )'(’sults  whi'u  (he  composition  of  the 
radiation  field  is  known,  Th(’  (’ffc’ct  of  si’cond- 
aries  would  not  be  a  i)robl(’m  since  this  I'ffect 
has  been  included  in  (he  calibration  with  high- 
enei’gy  pi’otons  and  alpha  i)articles.  'Thei-e  is 
no  r(’ason  to  (’xpect  the  effect  of  secondarit's  to 
be  (k’lH’iident  on  tlu’  source’  of  the  high-energy 
pai’ticles  (in  space’  oi’  man  made). 

The  radiation  detectoi’,  RBLD,  described  in 
this  ijajier,  has  been  flown  on  two  sei)arate  oc¬ 
casions  in  high-altitude  space’  i)re)bes.  In  e)ne 
spae’e;  pi^eebe,  it  was  fleiwn  em  the  Disceiverer 
-W’ll  i'e)e'ket.  .Although  the’re’  apieeare’el  to  be 
a  slight  graelation  in  de’iisity  acre)ss  the  film,' 
it  eiiel  neit  appe’ai’  as  a  markeel  st e’|)peel-elensity 
effee't.  This  ahse’iu'e  eef  a  steppe’el-elensity  eftect 
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was  interpreted  to  mean  that  no  detectable  low- 
energy,  electromagnetic  radiations  were  en¬ 
countered  or  created  during  this  flight.  Also, 
since  the  stepped  effect  was  not  noted,  the 
density  of  the  film  was  correlated  to  a  dose  of 
high-energy  protons  (730  Mev)  and  high- 
energy  alphas  (900  Mev).  It  should  be  noted 
that  the  correlation  between  film  density  and 
dose  for  the  two  high-energy  radiation  calibra¬ 
tions  are  nearly  the  same.  Therefore,  either 
of  the  two  calibrating  radiations  may  be  used. 
Cosmic-ray  authorities  agree  generally  that 
most  of  the  radiation  -at  the  Discoverer  XVII 
flight  altitudes  (103  nautical  miles  perigee  and 
538  nautical  miles  apogee)  is  either  high- 
energy  protons,  high-energy  alpha  particles, 
or  a  combination  of  the.se  two.  Therefore, 
the  dose  correlation  in  terms  of  the.se  two 
radiations  appears  correct  tO).  In  addition 
to  the  ambient  radiation  normally  found  in 
space,  solar-flare  radiations  were  apparently 
encountered  by  the  Discoverer  XVII  rocket  (7). 
Correlating  the  film  density  of  the  RBLD’s 
flown  in  this  rocket  either  to  high-energy 
proton  or  to  alpha  radiation  still  appears 
correct,  however,  since  the  radiation  resulting 
from  the  solar  flare  is  primarily  high-energy 
protons.  The  average  corrected  net  density  of 
the  film  flown  in  the  Discoverer  XVII  flight 
indicates  a  dose  of  30  rads  using  either  the  pro¬ 
ton  or  the  ali)ha  dose  calibration  in  figure  4. 
This  evaluation  is  in  agreement  with  do.se 
determinations  found  with  the  other  detector 
systems  flown  in  this  rocket  which  ranged  be¬ 
tween  25  and  .30  rads. 

The  RP.LI)  was  also  flown  in  the  Discoverer 
X\'lll  rocket.  The  corrected  net  density  for 
the  film  flown  on  this  rocket  was  0.02.  The 
very  small  but  consistent  chang(>  in  density  for 
the  experimental  film  flown  in  this  rocket 
suggests  that  the  assignment  of  a  dose  is  (pie.s- 
tionable:  however,  other  types  of  detectors  also 
flown  on  this  rocket  tend  to  support  the  assign¬ 
ment  of  0.()  I’ad  high-energy  proton  or  alpha 
dose  as  found  with  the  RBLD. 

.Although  the  Discoverer  ,\\T11  stayed  aloft 
considei'ably  longer  than  the  Discovei'er  .XVI 1 
rocket,  the  I'adiation  dose  encountered  by  the 
foimiei-  seems  considei'ably  less  than  that  en¬ 


countered  by  the  latter.  The  difference  in  the 
level  of  the  radiation  dose  encountered  by  the 
two  rockets  can  apparently  be  attributed  to  the 
absence  of  a  solar  flare  during  the  Discoverer 
XVIII  flight;  whereas,  the  Discoverer  XVII 
rocket  was  flown  during  a  major  solar  flare. 

The  worth  of  the  RBLD  as  a  cosmic-ray 
detector  for  rocket  and  balloon  flights  is  indi¬ 
cated  by  its  success.  Many  of  the  radiation 
detectors  used  in  these  two  flights  were  too  in¬ 
sensitive  to  detect  the  relatively  low  levels  of 
radiation.  The  importance  of  the  radiation 
sensitivity  of  the  RBLD  cannot  be  overempha¬ 
sized  since  radiation  fluxes  in  space  are  gener¬ 
ally  low.  In  addition  to  its  radiation  sensitivity, 
the  compactness  and  lightness  of  the  RBLD 
fall  well  within  the  requirements  dictated  by 
rocket  and  balloon  payload  limitations.  The 
RBI;D  thus  appears  to  be  a  unique  and  valu¬ 
able  tool  in  the  space-cosmic,  radiation-detec¬ 
tion  program  at  the  School  of  Aerospace 
Medicine. 

SUMMARY 

A  film  badge  dosimeter  (RBLD)  has  been 
devised  to  jirovide  a  rapid  method  for  determin¬ 
ing  effective  energies  below  200  kev  of  an 
unknown  electromagnetic  radiation.  The  dose 
respon.se  of  the  RBLD  has  been  calibrated  to 
x-radiation  at  several  different  effective  en¬ 
ergies  as  low  as  24  kev  to  198  kev.  The  film 
used  in  this  dosimeter  (the  510  emulsion)  is 
the  insensitive  one  of  the  552  Dupont  film 
packet.  Data  have  been  inchuk'd  in  this  rejiort 
correlating  film  densities  with  dose  for  four 
high-energy  radiations.  'I'liese  radiations  were 
Co''"  gamma,  11  .Mi'v  jn'otons,  730  Me\'  protons, 
and  900  Mev  aljibas.  ,A  method  to  reduce  film 
densit\'  vai'iances  arising  from  small  differ¬ 
ences  in  film  processing  is  also  di'sci'ibed.  A 
pre-exposed  I'adiat ion-cont rol  film  is  di'veloped 
simultaneously'  with  each  set  of  exia'rimental 
films.  Tb(>  net  dimsities  of  the  expm'imental 
films  are  then  raised  or  lowered  in  the  same 
proportion  needed  to  give  a  net  density  of  l.t! 
for  the  radiation-control  film. 
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